Objective: Visuospatial neglect, whereby patients are unable to attend to stimuli on their contralesional side, is a neuropsychological condition commonly experienced after stroke. We aimed to investigate whether egocentric and allocentric neglect are functionally dissociable and differ in prevalence and laterality in the early poststroke period. Method: A consecutive sample of 366 acute stroke patients completed the Broken Hearts test from the Oxford Cognitive Screen. We evaluated the association between egocentric and allocentric neglect and contrasted the prevalence and severity of left-sided versus right-sided neglect. Results: Clinically, we found a double dissociation between ego-and allocentric neglect, with 50% of the neglect patients showing only egocentric neglect and 25% only allocentric neglect. Left-sided egocentric neglect was more prevalent and more severe than was right-sided egocentric neglect, though right-sided neglect was still highly prevalent in the acute stroke sample (35%). Left-sided allocentric neglect was more severe but not more prevalent than was right-sided allocentric neglect. At 6 months, in a representative subsample of 160 patients, we found neglect recovery rates to be 81% and 74% for egocentric and allocentric neglect, respectively. Conclusion: Dissociable ego-and allocentric neglect symptoms support a heterogeneous account of visuospatial neglect, which was shown to be highly prevalent for both the left and the right hemifields.
ied 48 patients with focal LBD and set out to include patients with aphasia in their acute sample. They found a right neglect prevalence of 44% and no statistical difference in the severity of neglect between LBD and RBD patients. Bowen and colleagues (1999) suggested that potential inclusion criteria and selection biases may explain the variability and noted the problematic small samples. In addition, there is a wide range of differing behavioral tests that are currently used to detect neglect (see reviews by Agrell, Dehlin, & Dahlgren, 1997; Halligan, Marshall, & Wade, 1989; Jehkonen et al., 1998 ; N. V. Marsh & Kersel, 1993) . However, there is little consensus about which of these tests are the most sensitive or most appropriate, with some suggesting a combination of tests be required to cover various aspects of detection, dissociations, and severity of neglect (Lindell et al., 2007) .
Neglect appears to be a heterogeneous syndrome with dissociable symptoms. One such distinction is between space-based (egocentric) and object-based (allocentric) neglect. Egocentric neglect is where patients fail to attend to the contralesional side of space (with reference to their own body midline). Allocentric neglect is where they fail to attend to the contralesional side of an object in focus. Double dissociations have been reported between patients (Bickerton, Samson, Williamson, & Humphreys, 2011) and even within a single bilateral patient who demonstrated egocentric neglect on one side and allocentric neglect on the other side (Humphreys & Riddoch, 1994) . Additionally, egocentric and allocentric neglect have been found to be dissociated in terms of modality. For example, gap detection tasks with circles as targets in both visual and tactile modalities were employed by E. B. Marsh and Hillis (2008) . They found four patients displayed egocentric neglect on both visual and tactile tests, and one patient with bilateral lesions exhibited left egocentric visual neglect and right allocentric tactile neglect. There may also be important differences depending on affected side, with work by Kleinman and colleagues (2007) suggesting that, although RBD results mainly in left-sided egocentric neglect, LBD more commonly results in right-sided allocentric neglect. If egocentric and allocentric neglect are dissociated, it is important to identify and utilize tests that can differentially diagnose egocentric and allocentric neglect. Otherwise, arguments that neglect is a unitary syndrome may be due to the lack of tests capable of identifying multiple types of neglect rather than the lack of diversity in neglect impairments themselves. This may help explain why the prevalence of right-sided neglect has been underestimated, because allocentric neglect is often not explicitly assessed (see the overview by Parton, Malhotra, & Husain, 2004) . In addition, neuroanatomical lesion studies have supported the dissociation, with findings by Verdon, Schwartz, Lovblad, Hauert, and Vuilleumier (2010) , for example, suggesting specific involvement of the right inferior parietal lobule for the egocentric visuospatial component, the right dorsolateral prefrontal cortex for the exploratory component, and deep temporal lobe regions for the allocentricϪobject-centered component. A recent meta-analysis of 22 lesion-symptom mapping studies of patients concluded that damage to the perisylvian network (pre-and postcentral, supramaginal and superior temporal gyri) and within subcortical structures was associated with egocentric neglect, whereas damage to more posterior lesions including the angular, middle temporal, and middle occipital gyri was associated with allocentric neglect (Chechlacz, Rotshtein, & Humphreys, 2012) . We note, however, that all studies here were focused solely on left-sided neglect after unilateral right hemisphere lesions.
Taking an alternative view, ego-and allocentric neglect may reflect two aspects of a central underlying disorder , where allocentric neglect is occurring simply when the attentional window is narrowed to a single object (Driver & Pouget, 2000) or where allocentric biases are modulated by their egocentric position (Karnath, Mandler, & Clavagnier, 2011; Li, Karnath, & Rorden, 2014) . Relatively strong correlations between ego-and allocentric neglect have been reported , and it has been argued that the two cannot be fully dissociable, given findings where the allocentric deficit was worse for stimuli in the contralesional compared to the ipsilesional side, supporting the notion that allocentric biases occur due to a spatial gradient of attentional weights (see Figure 1) .
In this study, we aimed to contrast the prevalence and severity of left-and right-sided egocentric and allocentric neglect in a large sample of acute stroke patients. In addition, we investigated the distributions of allocentric errors in egocentric space to determine whether allocentric neglect can be truly independent from egocentric neglect.
Method

Participants and Procedure
This study was designed as a cross-sectional observational study in 419 stroke patients recruited from two acute stroke units at the John Radcliffe Hospital Oxford and the University Hospital Coventry and Warwickshire between 2012 and 2014. Patients completed the Oxford Cognitive Screen (OCS; Demeyere, Riddoch, Slavkova, on the acute ward and agreed to be contacted 6 months later for a follow-up visit. Patients were recruited consecutively, depending on practical availability of the patient and researcher at the time. The research team was present for several hours every weekday to recruit the patients and were under clear instructions to try to see everyone who was able to be seen, thereby avoiding a selection bias based on behavioral symptoms or type of stroke. A recent audit of 6 months of our data collection procedures between April and September 2018 (299 total admissions) following the same protocol and criteria demonstrated that our recruitment amounts to approximately 40% of all admissions to the acute stroke unit, with 28% not suitable or too poorly suitable and about 32% missed (not available). Though we collected the clinical admission computerized tomography scans for the sample, only a subset proved to be of high enough quality to determine the more precise lesion location (N ϭ 201). We chose not to restrict the analysis to these patients, because the purpose of the study was to assess the prevalence and laterality of ego-and allocentric neglect in an unbiased sample reflecting the clinical reality (see also Massa et al., 2015) . This is in contrast with studies investigating the precise relationship between neuropsychological symptoms and lesion location that typically exclude patients with a prior stroke, multifocal lesions or excessive lacunae, minimal lacunar lesions, medical comorbidities, or contraindications for magnetic resonance imaging (e.g., Corbetta et al., 2015; Molenberghs et al., 2009) .
Inclusion criteria for the study were that patients should be within 3 weeks of a confirmed diagnosis by the treating stroke physicians to have had an ischemic or hemorrhagic stroke, be able to concentrate for 15 min, and be able to give written informed consent themselves (or witnessed consent in cases of motor problems or agraphia). Of the patients who consented to take part, 366 (87%) provided us with data on the Broken Hearts test of the OCS. Demographics data and stroke information were collected from the medical notes (see Table 1 ), and a summative overlay of the lesions in the subsample where scans were available is given in Figure 2 . Reasons for noncompletion of the Broken Hearts test are given in Table 1 of the online supplemental materials.
This study was approved by the National Research Ethics Service (Reference No. 11/WM/0299; Protocol: RP-DG-0610 -10/ 046). 
Measure
The Broken Hearts test is part of the Oxford Cognitive Screen (Demeyere et al., , 2016 and is a highly sensitive cancellation test assessing ego-and allocentric neglect. The task is to strike through the complete shape outlines (n ϭ 50) among distractor shapes with gaps on the right (n ϭ 50) or the left (n ϭ 50) of the contour (see Figure 1 of the online supplemental materials). In the case of hemiplegia, patients use their nonaffected hand to complete the task. The items are positioned semirandomly on an A4 landscape page, equally distributed over a virtual grid. Patients are given up to two practices with demonstration and thorough explanation to ensure they understood the task before starting the test. There is a time limit of 3 min to complete the task.
We calculated the following outcome measures (see Figure 3 ):
1. Hits: The number of correctly canceled full outlines (hearts or apples; maximum 50);
Allocentric errors:
The number of incorrectly canceled distracters (maximum 100).
Egocentric asymmetry:
The difference between the number of hits on the left versus right side of the page. Only the shaded areas in Figure 2A were taken into account. Positive values denote left-sided neglect, and negative values right-sided neglect.
Allocentric asymmetry:
The difference between the number of allocentric errors with a left versus right gap. Positive values denote left-sided neglect, and negative values right-sided neglect.
Egocentric asymmetry of allocentric errors:
The difference between the number of allocentric errors on the left versus right side of the page.
Cutoffs for impairment were derived from 5th/95th centile scores from the normative data . Patients were considered to have "egocentric neglect" if they had an accuracy score Ͻ42 and an absolute egocentric asymmetry score Ն3. Patients were considered to have "allocentric neglect" with an absolute allocentric asymmetry score Ն2.
Results
Dissociable Subtypes of Egocentric and Allocentric Neglect in Acute Stroke
Of the patients who completed the Broken Hearts test, 48% demonstrated neglect (see Figure 4A) . Half of them presented with only egocentric neglect, one quarter with only allocentric neglect, and a further quarter with both egocentric and allocentric neglect.
To explore the relationship between the severity of ego-and allocentric spatial biases in a more sensitive way, we correlated the ego-and allocentric asymmetry scores in the three groups (see Figure 5 ). The patients with both ego-and allocentric neglect demonstrated a significant correlation between the asymmetry scores (N ϭ 45; r ϭ .55, p Ͻ .0001, large effect size); however, no correlation was present in patients with only egocentric or only allocentric neglect (N ϭ 131; r ϭ .02, p ϭ .78).
To determine whether there was any egocentric core bias in the allocentric neglect behavior on the test (see the theory proposed in Figure 1 ), we tested whether the false positive responses made by patients with allocentric neglect were asymmetrically distributed in egocentric space. We examined where on the page the allocentric errors were made. An analysis of variance (ANOVA) with side of space (same vs. opposite side of allocentric errors) and presence of egocentric neglect (allocentric only, ego-and allocentric) showed a main effect of side of space, F(1, 76) ϭ 34.91, p Ͻ .001, p 2 ϭ .32, and an interaction between the presence of egocentric neglect and side of space, F(1, 76) ϭ 43.83, p Ͻ .001, p 2 ϭ .37, but no main effect of group, F(1, 76) ϭ .34, p ϭ .56, p 2 ϭ .005 (see Figure 6 ). Post hoc t tests suggested that for the allocentric only group, the average number of errors on each side of the page was the same, t(42) ϭ .70, p ϭ .49, p 2 ϭ .01. This demonstrates Egocentric neglect is operationalized as an asymmetry value calculated by subtracting the number of hits (full strikes) on the left side of the page from the hits on the right-hand side, also taking into account the total number of hits (the overall correct should be lower than 42, based on the cutoff from normative data). Only the shaded areas are taken into account to calculate the egocentric asymmetry score. Note that the shaded areas have been added only to clarify the scoring; the page presented to the patients contains only the hearts. Panel B: Allocentric neglect is operationalized as an asymmetry score calculated by subtracting the number of false positives (dashed strikes) with a left gap from the number of false positives with a right gap (see also Demeyere et al. 2015) .
that no egocentric bias was present to explain the allocentric asymmetry, in disagreement with the theoretical framework outlined in Figure 1 . In contrast, patients with both ego-and allocentric neglect made fewer errors on the egocentrically neglected side of the page, t(34) ϭ Ϫ6.82, p Ͻ .001, p 2 ϭ .58.
Prevalence of Neglect
In patients with only egocentric neglect, the prevalence of right-sided neglect (35%) was significantly lower than that of left-sided neglect (65%), 2 (1, N ϭ 87) ϭ 8.38, p Ͻ .004. Similar results were obtained in patients with ego-and allocentric neglect: 74% presented with left-sided and 26% presented with right-sided neglect, 2 (1, N ϭ 45) ϭ 15.11, p Ͻ .001. However, there was no difference in the prevalence of left-sided (56%) and right-sided (44%) neglect in patients with only allocentric neglect, 2 (1, N ϭ 44) ϭ .36, p ϭ .55.
When considering the co-occurrence of visual field deficits, the Oxford Cognitive Screen (OCS) contains a brief confrontation finger-wiggling task, in each of the four quadrants of the visual field. In our sample, we found 52 patients who showed a visual field deficit on this task. The numbers break down with respect of neglect impairments in the following way: 10 patients did not show any neglect on the Broken Hearts test, whereas 19 presented with egocentric only, seven with allocentric only, and 16 with both ego-and allocentric neglect. Park et al. (2006) showed that visual defects from an isolated occipital lesion do not cause neglect. These are likely the 10 patients here with an isolated visual field defect. The other 42 patients may well have both a visual field defect and an inattention issue (see also Mort et al., 2003) , and in some cases, indeed they may have only very severe inattention, causing them to fail the confrontation task.
Regarding left-sided versus right-sided neglect, a further overview of the co-occurring rates of impairments on the other tasks in the OCS can be found in Table 2 of the online supplemental materials.
For the 160 patients who completed the follow-up assessment 6 months later, the distribution of acute prevalence rates of the different neglect types was proportionally the same as in the full sample of 366 patients (see Figure 4B ), demonstrating no selective fallout of patients (reasons for loss of follow-up are given in Table  3 of the online supplemental materials). Fifty-five of these patients demonstrated egocentric neglect at the acute stage, and only 11 were still impaired at follow-up. Allocentric neglect was present in 39 patients acutely and remained present in 10 patients at followup. This demonstrates very high recovery rates, at 81% and 74% for egocentric and allocentric neglect, respectively.
Severity of Left-Sided and Right-Sided Neglect
To directly compare the severity of left-versus right-sided egocentric neglect, we submitted the number of hits and the egocentric asymmetry score to an ANOVA with neglected side (left, right) and the presence of allocentric neglect (egocentric only, egocentric, and allocentric) as variables.
We observed a main effect of neglected side on the number of hits, F(1, 118) ϭ 8.63, p ϭ .004, p 2 ϭ .07, but not on the egocentric asymmetry score, F(1, 118) ϭ .04, p ϭ .85, p 2 Ͻ .001. Patients with right egocentric neglect demonstrated a higher overall accuracy than did patients with left egocentric neglect, but the strength of the spatial bias did not differ between the groups (see Figure 7 , Panels A and B). In addition, we observed a main effect of group: hits, F(1, 118) ϭ 5.43, p ϭ .02, p 2 ϭ .04; asymmetry, F(1, 118) ϭ 3.76, p ϭ .06, p 2 ϭ .03, showing that patients with ego-and allocentric neglect performed worse on the cancellation task than did patients with only egocentric neglect. The interaction between both factors was not significant: hits, F(1, 118) ϭ .48, p ϭ .49, p 2 ϭ .004; asymmetry, F(1, 118) ϭ .12, p ϭ .73, p 2 ϭ .001, suggesting that having added allocentric on top of egocentric neglect did not lead to a worse egocentric cancellation performance than did having egocentric neglect only.
To contrast the severity of left-versus right-sided allocentric neglect, we submitted the number of allocentric errors and the allocentric asymmetry score to an ANOVA with neglected side (left, right) and the presence of egocentric neglect (allocentric neglect only, egocentric, allocentric) as variables.
There was a significant main effect of neglected side on the number of allocentric errors, F(1, 75) ϭ 3.30, p ϭ .039, p 2 ϭ .06, but not on the allocentric asymmetry score, F(1, 75) ϭ 1.39, p ϭ .24, p 2 ϭ .02 (see Figure 7 , Panels C and D). The presence of egocentric neglect did not significantly affect the allocentric outcome variables: errors, F(1, 75) To summarize, our data demonstrated a higher prevalence of left compared to right egocentric neglect but a similar prevalence of left compared to right allocentric neglect in this acute sample. The severity of the neglect was more prominent in left-sided neglect (lower accuracy and/or more allocentric errors).
Discussion
This study set out to address a series of important questions relating to the nature of hemispatial neglect and its prevalence in the early poststroke period. We included a large sample of consecutive acute stroke patients who were not selected based on lesion location or behavioral profile, reflecting the clinical reality of stroke admissions. This is the biggest sample study to assess acute left and right ego-and allocentric neglect prevalence and severity to date.
We found clear evidence to suggest that egocentric and allocentric neglect are subserved by separate underlying processes. First, we documented a double dissociation, with substantive groups of patients with egocentric neglect without allocentric neglect and with only allocentric neglect and no egocentric neglect. In these patients there was no relation between asymmetry values for egoand allocentric asymmetries. This finding may seem in contrast to a previously reported correlation (r ϭ .35) between ego-and allocentric reported by Rorden and colleagues (2012) . We note, however, that their sample included only 32 right brain damage (RBD) patients. It may be that this smaller sample accidentally contained more patients with both types of neglect. We indeed also observed a clear correlation in the subgroup presenting with both ego-and allocentric neglect (r ϭ .55). It is important to note that Figure 1 . Number of allocentric errors according to the side of space (on the page): numbers of (same vs. opposite side of the allocentric errors) for patients with allocentric neglect only and patients with both ego-and allocentric neglect. Error bars indicate standard error of the mean.
‫ءءء‬ p Ͻ .001.
in this larger sample, clear dissociable subgroups were present. We further demonstrated that in patients with allocentric neglect only, there was no spatial asymmetry to the distribution of the errors on the page. Where a previous study (Karnath et al., 2011) found an amelioration of allocentric neglect symptoms at more ipsilesional egocentric positions, the three patients in that study presented with both types of neglect. Here, in the allocentric-only patients we did not find any evidence for an egocentric exploration bias. This contradicts the theory proposed by Li and colleagues (2014) that allocentric neglect appears due to an overall spatial gradient (see Figure 1 ). Instead we suggest that our findings provide strong behavioral evidence for truly dissociable neglect types. The evidence is in line with previous smaller studies (Bickerton et al., 2011; E. B. Marsh & Hillis, 2008; Ota, Fujii, Suzuki, Fukatsu, & Yamadori, 2001 ) and a striking dissociation in a single case study (Humphreys & Riddoch, 1995) . These behavioral dissociations complement the neuroanatomical findings for separable underlying mechanisms (Chechlacz et al., 2010) . The previous literature disparities can, in our view, be explained by the undersampling of a heterogeneous disorder. In the present larger sample, the dissociations clearly stand out. The allocentric neglect observed here may still reflect an objectbased neglect or spatial neglect within a smaller reference frame (Driver & Pouget, 2000) . Allocentric neglect can indeed be considered in terms of local and global visual representations. For instance, impaired detection of the gap in the Broken Hearts test may stem from impaired attention to one side of the local spatial representation (Humphreys, Gillebert, Chechlacz, & Riddoch, 2013) . Arguably, the experience of missing half of an object anywhere in space is existentially different from a global failure to attend to one side of space, and we would hypothesize that allocentric neglect may require a different rehabilitation protocol. Given the separate mechanisms, future research on interventions will need to take this into account. It is possible that traditional interventions aimed at ameliorating egocentric neglect such as cueing and prism therapy may not be effective. More object-based strategies, such as visuomotor feedback, may provide an alternative here (Rossit et al., 2017) . We also note the high natural recovery rates found at 6 months follow-up (81% and 74% for egocentric and allocentric neglect, respectively), which further rehabilitation research, should also be taken into account.
In contrast to most studies on neglect, in ours we did not restrict inclusion to patients with only RBD. It is interesting that this unbiased sample in acute stroke revealed high incidences of rightsided ego-and allocentric neglect. Nevertheless, it was clear that left-sided neglect symptoms remained more severe in terms of a lower number of hits and a higher number of allocentric errors. These findings are in line with long-standing theories of a right hemisphere dominance of hemispatial neglect. Our findings are comparable to those by Stone et al. (1993) , Baldassarre et al. (2014) , and Ten Brink et al. (2017) , who found a considerable number of patients with right-sided neglect in the acute stage, though their symptoms were less severe. Particularly in the chronic stage, the frequency and severity of left-sided neglect was notably higher. This hemispheric difference was initially explained by interhemispheric competition after RBD, leading to an imbalance in attentional control, where the right side of space is overattended (Kinsbourne, 1970) . A different account was proposed by Mesulam (1999) in terms of spatial coding for the left side of space being subserved by only the right hemisphere, whereas spatial coding for the right side of space is subserved by both hemispheres. Consequently, left brain damage (LBD) means the right hemisphere can take over the spatial representations. A different account of the right lateralization is that the neglect syndrome encompasses more than a spatial attention bias alone. The presence of impaired sustained attention and working memory in patients with neglect , processes that are rightlateralized, may contribute to the higher severity and the worse recovery of left-sided as opposed to right-sided neglect (Corbetta & Shulman, 2011) . Several studies have now shown the presence of spatial asymmetries in LBD patients without neglect (e.g., see Blini et al., 2016; Gillebert et al., 2011) .
In summary, the current study adds to the growing body of evidence viewing neglect as a heterogeneous disorder. There may be a common core spatial deficit, but when it affects egocentric or allocentric space, there are differential and dissociable behavioral profiles.
